Summary: The effect of protein deficiency on the urinary excretion of hydroxyproline (total, nondialysable, dialysable and free fractions) and hydroxylysyl glycosides (glucosyl-galactosyl-hydroxylysine, glc-gal-hyl and galactosyl-hydroxylysine, gal-hyl) was investigated in female albino rats. In comparison to controls, the protein deficient animals were found to excrete significantly decreased amounts of urinary hydroxyproline fractions from the 7th day onwards. The excretion of total hydroxylysyl glycosides in urine parallels the excretion of hydroxyproline. The urinary output of both glc-gal-hyl and gal-hyl was also appreciably lower in deficient animals. The normal ratio of glc-gal-hyl/gal-hyl found in the urine of protein deficient animals suggests that there is a similar decreased turnover of collagen in both bone and skin.
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Twenty one days old weanling female albino rats were fed with *) Presented at National Symposium on Food Proteins, the basal diet for one week and then divided into two groups. 20) and served as the control; the other group was fed with low protein diet (casein fraction 0.06), the details of which were described previously (16) . Water was supplied ad libitum and both groups were given the required vitamins. Because of a decreased food intake in the protein deficient animals (16), the control rats were pair-fed with the protein deficient animals. At weekly intervals, the body weights were recorded. During the period of urine collection, the animals received only water. Urine samples were collected weekly for a period of 24 h following gastric loading with 30 ml/kg body weight of saline. The total and free hydroxy pro line contents of urine were measured in hydrolysed and unhydrolysed samples by the method ofRojkind & Gonzalez (17) . The nondialysable hydroxyproline fraction was isolated by dialysing aliquots of urine against 0.15 mol/1 NaCl and distilled water at 4 °C for 24 h (18) and the hydroxyproline content was determined as before. The dialysable hydroxyproline was assessed by subtracting nondialysable hydroxyproline-from total hydroxyproline. The urinary hydroxylysyl glycosides were analysed on pooled samples by the method ofAskenasi (19) . Results were expressed per gram creatinine in order to account for eventual incomplete collection of urine samples (11) . The creatinine was determined by the Jaffe reaction (20) . The results were statistically evaluated using Student's l t' test. The difference was regarded as significant at the level of p < 0.05.
Results
The initial mean body weight (50 g) of control group and its respective protein deficient group was not significantly different. The body weights of the controls increased to a mean of 88 g on the 28th day as compared with 67 g in the corresponding protein deficient group. Differences between protein deficient and control groups were significant from the 14th day onwards up to the end of the experiment (p < 0.05). Table 1 shows the effect of protein malnutrition on the urinary excretion of total hydroxyproline. Compared to the control group, urinary total hydroxyproline was significantly decreased in the protein deficient animals from the 7th day onwards. It is also evident that in protein deficient animals a marked decrease in the urinary hydroxyproline occurred on the 7th day and thereafter the decrease was gradual.
Results on the urinary excretion of nondialysable (tab. 2) and dialysable hydroxyproline (tab. 3) in protein deficient animals showed a significant decrease from the 14th day onwards up to the end of the experiment.
The urinary excretion of free hydroxyproline was also found to decrease in the deficient animals as compared to controls, but the difference was not statistically significant on the 14th day (tab. 4).
It is evident from figure 1 that the total urinary excretion of hydroxylysyl glycosides parallels that of total hydroxyproline. Compared to the controls, the deficient animals were found to excrete less total hydroxylysyl glycosides Tab. 1. Effect of protein deficiency on the urinary excretion of total hydroxyproline (μηιοΐ/g creatinine) in the rat. 16 .32 ± 0.69 13.04 ±0.53** * = Results are means ± SE. ** = Protein-deficient group is significantly different from control group at p < 0.05. from the 14th day onwards. The excretion of both glcgal-hyl ( fig. 2 ) and gal-hyl ( fig. 3 ) were also decreased in protein malnutrition*. As the excretion of both glycosides was more or less equally decreased in the protein deficient animals, the glc-gal-hyl/gal-hyl ratio ( fig. 4 ) was comparable to that of normals.
Group

Discussion
The unique distribution of hydroxyproline in collagen where it accounts for 13-14% of the total amino acids (21) makes it unlikely that any other component in the body could serve as a significant source of urinary hydroxyproline. Urinary excretion of hydroxyproline is proved to be a reliable index of collagen catabolism since the final breakdown products of collagen, which include both free and peptide bound hydroxyproline, are not reutilized for collagen biosynthesis (11, 22, 23) . Alterations in the urinary hydroxyproline have been shown (24) to be due to the changes in the rate of collagen synthesis, the rate of conversion of one form of collagen to another, or the rate at which any of the forms is degraded.
A marked decrease in the excretion of urinary hydroxyproline was observed in the protein deficient animals (tab. 1), Earlier studies indicated (5, 6,15) a decrease in the urinary hydroxyproline in rats due to the influence of protein malnutrition. Similar results have also been reported in children with protein malnutrition (13, 14, 25, 26 ).
In human protein malnutrition, the urinary hydroxyproline levels are usually measured at a point where protein deficiency is fairly established. However, these studies do not indicate the stage at which hydroxyproline decreases considerably. Results of the present investigation (tab. 1) reveal that the decrease in the urinary hydroxyproline due to the influence of protein malnutrition is pronounced on 7th day, and later the decrease is slow. It may therefore be concluded that protein deficiency exerts most of its effect on urinary hydroxyproline during the early phases of protein malnutrition.
The decreased excretion of urinary hydroxyproline in protein deficient animals may be due to either reduced body collagen content, reduced collagen synthesis or reduced catabolism of collagen. A marked loss of skin collagen is reported in both experimental and clinical cases of protein malnutrition (5, 6, 27, 28) . The soluble collagen, which represents mainly newly synthesized collagen (29) , is also found to be decreased in protein deficient animals and in Kwashiorkar (5, 7, 30) . Earlier studies in this laboratory indicated that the decreased rates of both synthesis and catabolism of collagen contributed to the decreased excretion of urinary hydroxyproline in protein deficient animals (10) .
It has been demonstrated that the nondialysable hydroxyproline peptides in urine are derived either from collagen recently synthesized and rapidly degraded or from fragments recently synthesized but not incorporated into tropocollagen (31) . Further studies have indicated (32) that appraisal of nondialysable and dialysable hydroxyproline in urine may contribute to an evaluation of the relative contribution of bone formation and resorption to total bone turnover. In the present study, the striking fall in nondialysable hydroxyproline (tab. 2) in protein deficient animals was accompanied by a proportional decrease of the dialysable fraction (tab. 3). These results may therefore suggest decreased turnover of bone collagen. Isotopic studies in this laboratory have also shown (33) that the turnover of bone collagen is decreased in protein deficient rats.
It has been reported (34) that about 80% of the total hydroxylysine in normal urine is associated with sugars in two glycosidic compounds glucosyl-galactosyl-hydroxylysine (glc-gal-hyl) and galactosyl-hydroxylysine (gal-hyl). Recent studies have indicated that the levels of urinary hydroxylysyl glycosides are better quantitative indicators of collagen metabolism than urinary hydroxyproline (34, 36) . The urinary excretion of total hydroxylysyl glycosides seems to parallel the urinary hydrpxyproline in all conditions associated with an alteration in the metabolism of collagen (34, 36, 37) . The results of the present study (fig; 1 ) also show that the excretion of total urinary hydroxylysyl glycosides parallels the urinary hydroxyproline in protein deficient animals.
As skin collagen contains twice as much glc-gal-hyl as gal-hyl, and bone contains seven times more gal-hyl than glc-gal-hyl, it is suggested (34, 35) that the ratio of glcgal-hyl to gal-hyl would indicate the proportion of collagen degradation derived from skin and bone. It has been shown (38) that only less than 10% of the glcgal-hyl excreted in urine could come from glomerular basement membrane and Clq subcomponent of the complement system, which are known to contain high amounts of glc-gal-hyl. It may be concluded therefore that the main source of urinary hydroxylysyl glycosides is collagen of bone and skin. The normal ratio of glc-galhyl/gal-hyl found in protein deficient animals ( fig. 4 ) clearly demonstrated that both bone and skin collagens have a similar decreased turnover compared to controls.
